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DESCRIPTION 

FUEL CELL SYSTEM 

TECHNICAL FIELD 

5 The present invention relates to a fuel cell system and, more particularly, to a 

technique for minimizing deterioration of fuel cells caused by generating power continuously in 
an unsuitable condition. 

BACKGROUND ART 

10 Polymer electrolyte fuel cells, which are now being expected to serve as a power 

source for vehicles, have heretofore been known for their own disadvantages that, in a 
low-temperature environment below freezing, moisture around electrodes is frozen which 
obstructs the diffusion of reactant gas and in turn decreases the electric conductivity of 
electrolyte membranes. Further; there is another disadvantage that, upon activating a fuel cell 

15 in such a low-temperature environment, clogging occurs in reactant gas flow channels due to the 
moisture freezing and the reactant gas is obstructed from advancing to and reaching the 
electrolyte membranes, which sometimes retard an electrochemical reaction of the reactant gas 
even though being supplied and hence result in failure to start-up the fuel cell Furthermore, 
frozen dew produced in the reactant gas flow channels may blockade gas flow paths. 

20 In view of such backgrounds as the above, as disclosed in Japanese Patent Laid-Open 

No. 2003-36874, there has been proposed a fuel cell system having detector for detecting 
internal temperature of a fuel cell to deactivate a cooling water pump when the internal 
temperature of the fuel cell is below freezing and to increase the driving amount of the cooling 
water pump in accordance with a rise in the internal temperature of the fuel cell when the 

25 internal temperature thereof is above freezing, in order to prevent generated water from freezing 
in the fuel cell. 
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According to conventional fuel cell systems such as the above mentioned, they are 
able to determine a state of a fuel cell during power generation and to optimize operative 
conditions corresponding to present state of the fuel cell, but are not able to determine a state of 
the fuel cell before starting the power generation. Therefore, the conventional fuel cell systems 
5 have suffered from deterioration of the fuel cell caused by generating power continuously in an 
unsuitable condition. 

The present invention has been made in consideration of the above problem, and 
therefore has an object to provide a fuel cell system capable of minimizing the deterioration of 
fuel cells caused by generating power continuously in an unsuitable condition. 
10 In accomplishing the above object, a fuel cell system according to the present 

invention determines an operation mode of a fuel cell stack in accordance with a voltage rising 
condition thereof that is detected after the supply of reactant gas is started, and operates the fuel 
cell stack in the determined operation mode. 



15 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a cross section view showing a structure of a polymer electrolyte fuel cell 
according to one embodiment of the present invention; 

FIG 2 is a block diagram showing a configuration of a fuel cell system according to a 
first embodiment of the present invention; 
20 FIG 3 is a diagram showing a rise in voltage of the fuel cell stack inHG2; 

FIG 4 is a flowchart diagram showing an activating process of the fuel cell system in 

FIG 2; 

FIG 5 is a diagram explaining an operation of afuel cell system according to a second 
embodiment of the present invention; 
25 FIG 6 is a block diagram showing a configuration of a fuel cell system according to a 

third embodiment of the present invention; 

FIG 7 is a block diagram showing a configuration of a fuel cell system according to a 
fourth embodiment of the present invention; 
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FIG 8 is a block diagram showing a configuration of a fuel cell system according to a 
fifth embodiment of the present invention; 

FIG 9 is a block diagram showing a configuration of a fuel cell system according to a 
sixth embodiment of the present invention; and 
5 FIG 10 is a block diagram showing a configuration of a fuel cell system according to a 

seventh embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A fiiel cell system according to the present invention is applicable to a process of 

10 obtaining power by supplying reactant gas to a polymer electrolyte fiiel cell (hereinafter, 
referred to simply as fuel cell) as shown in FIG 1. A fiiel cell 1 shown in FIG 1 comprises an 
electrolyte membrane 2 made as a proton-conductive membrane from a solid polymeric 
material such as a fluorinated resin, a fuel electrode 3a and oxidant electrode 3b disposed to hold 
therebetween the electrolyte membrane 2, and gas flow channels 4a and 4b. The fuel electrode 

15 3a and oxidant electrode 3b have catalyst layers 5a and 5b, respectively, which are formed on 
the side of electrolyte membrane 2 and are made from platinum only or a combination of 
platinum and other metals, and diffusion layers 6a and 6b, respectively, which are formed on the 
side of gas flow channels 4a and 4b. Hie gas flow channels 4a and 4b are formed of a number 
of ribs disposed on one or both sides of a gas impermeable, compact carbon material. A fuel 

20 gas and oxidant gas as reactant gas flow through the gas flow channels 4a and 4b, respectively, 
and are supplied from gas inlets and discharged from gas outlets of the gas flow channels 4a and 
4b. In the thus constructed fuel cell 1 , when hydrogen gas is supplied to the fuel electrode 3a, 
the electrochemical reaction described below proceeds in the fuel electrode 3a, whereupon a 
hydrogen ion is generated. 

25 2H 2 ->4H f 4e- 

The hydrogen ion generated by this electrochemical reaction permeates (diffuses 
through) the electrolyte membrane 2 in a hydrate state and readies the oxidant electrode 3b, 
whereupon the electrochemical reaction described below proceeds in the oxidant electrode 3b if 
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an oxygen-containing gas such as air is being supplied thereto. Consequently, the fuel cell 1 
produces electromotive forces. 

4H f 4e-+0 2 ->H 2 0 

With reference to the accompanying drawings, detailed descriptions will be given of 
5 the configuration and operation of fuel cell systems according to first to seventh embodiments 
of the present invention. 



FIRST EMBODIMENT 
Configuration of Fuel Cell System 

10 Hie configuration of a fuel cell system according to a first embodiment will be first 

described below with reference to FIG 2. 

The fuel cell system according to the first embodiment of the present invention mainly 
comprises, as shown in FIG 2, a fuel cell stack 10 formed by stacking a plurality of the 
aforementioned fuel cells 1, voltage rising detector 11 for detecting a rising condition of voltage 

15 of the fuel cell stack 10, a load 12 consuming power produced by the fuel cell stack 10, and a 
control unit 13 for controlling the fuel cell stack 10. The control unit 13 serves as control 
means according to the present invention. 

Note here that in fuel cells, generally, not the whole energy of reactant gas is converted 
to an electromotive force, but the energy that has not been used as the electromotive force is 

20 dissipated as heat In a fuel cell stack in which such fuel cells are stacked up, particularly 
immediately after a fuel cell system is start-up or when the outside atmosphere is of low 
temperature, most of the generated heat is dissipated from the both ends of the fuel cell stack 
into the outside atmosphere, while less heat is dissipated from the center portion of the fuel cell 
stack Thus, the temperature distribution in a cell-stacking direction of the fuel cell stack 

25 exhibits low temperatures at the both ends and high temperatures in the center portion. 
Disadvantageous^, this fuel cell stack is hence generally quite susceptible to freezing of fuel 
cells at or near the ends of the fuel cell stack. To overcome this problem, it is desirable for the 
aforementioned voltage rising detector 11 to detect a rise of voltage of the fuel cell stack 10 by 
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measuring voltages or an average thereof, of at least a set of fuel cells 1 placed near the ends of 
the fuel cell stack 10. 

Operation of Fuel Cell System 
5 In the thus configured fuel cell system, the control unit 13 decides an operation mode 

of the fuel cell stack 10 in accordance with a voltage rising condition, for example, as shown in 
FIG 3, which is detected by the voltage rising detector 11, so as thereby to minimize 
deterioration of the fuel cell that is caused by generating power continuously in an unsuitable 
state upon start-up of the system in a low temperature environment below freezing. 

10 More specifically, in the case where the supply of reactant gas to the fuel electrode 3a 

and oxidant electrode 3b is not obstructed, the voltage of the fuel cell stack 10 rises when the 
supply of reactant gas is started at a time TO shown in FIG 3. After that, the voltage of the fuel 
cell stack 10 starts to decrease when the reaction gas permeates the electrolyte membrane 2 to 
directly cause a reaction at the opposite electrode. Thus, in this case, a differential coefficient 

15 of voltage with respect to time for the fuel cell stack 10 becomes negative as shown in an area 
Al of FIG 3. 

On the other hand, in the case where the supply of reactant gas to the fuel electrode 3a 
and oxidant electrode 3b is obstructed, the voltage of the fuel cell stack 10 gradually rises 
because the reactant gas inevitably permeates a frozen layer to reach the fuel electrode 3a and 
20 oxidant electrode 3b. Thus, in this case, the time differential coefficient of voltage with respect 
to time for the fuel cell stack 10 becomes positive as shown in an area Bl in FIG 3. 
Accordingly, in advance of obtaining current by applying a load to the fuel cell stack 10, the 
control unit 13 detects the internal state of the fuel cell stack 10 with reference to the differential 
coefficient of voltage with respect to time for the fuel cell stack 10, and then decides the level of 
25 load current to be derived from the fuel cell stack 10 based on the detected internal state. 

Referring now to the flowchart in FIG 4, the operation of the control unit 13 that is 
performed when the start-up process is activated, will be described below. 

Hie flowchart in FIG 4 starts when a start-up instruction for the fuel cell stack 10 is 



WO 2005/050767 PCT/JP2004/015661 

6 

inputted to the control unit 13, and the start-up process advances to step SI. 

In step SI, the control unit 13 determines whether or not the outside temperature is 
below freezing, and when it is not below freezing, the control unit 13 advances this start-up 
process from step SI to step S5. On the other hand, whoa the outside temperature is below 
5 freezing, the control unit 13 advances this start-up process from step SI to step S2. 

In step S2, the control unit 13 controls the voltage rising detector 11 to measure a 
voltage rising condition of the fuel cell stack 10, as shown in FIG 3. This completes the 
processing in step S2, whereupon the start-up process proceeds from step S2 to step S3. 

In step S3, the control unit 13 determines whether a differential coefficient of the 
10 measured voltage with respect to time is positive or negative. When the differential coefficient 
of the measured voltage with respect to time is not positive but negative, the control unit 13 
advances the start-up process from step S3 to step S5. On the other hand, when the differential 
coefficient of the measured voltage with respect to time is positive, the control unit 13 advances 
the start-up process from step S3 to step S4. 
15 In step S4, the control unit 13 determines that the fuel cell stack 10 is in a state 

inadequate to perform normal power generation, and then controls the fuel cell stack 10 so as to 
limit (lower) the level of load current obtained therefrom. A series of steps for the start-up 
process is now completed 

In step S5, the control unit 13 determines that the fuel cell stack 10 is sufficiendy 
20 supplied with the reaction gas and hence it is in a state adequate to perform the normal power 
generation. Therefore, the control unit 13 controls the fuel cell stack 10 so as to obtain 
therefrom a normal level of current load A series of steps for the start-up process is now 
completed 

As is clear from the above description, in the fuel cell system according to the first 
25 embodiment of the present invention, the control unit 13 determines the internal state of the fuel 
cell stack 10 based on the voltage rising condition of the fuel cell stack 10 that is detected after 
the supply of reactant gas is started, and thai decides a subsequent operation mode of die fuel 
cell stack 10 based on the determination, thereby making it possible to minimize deterioration of 
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the fuel cell stack 10 caused by generating power continuously in an unsuitable condition. 

Furthermore, in the fuel cell system according to the first embodiment of the present 
invention, the control unit 13 determines the state of the fuel cell stack 10 depending on whether 
the differential coefficient of voltage with respect to time is positive or negative, thereby 
5 allowing accurate determination of the internal state of the fuel cell stack 10. 

Furthermore, in the fuel cell system according to the first embodiment of the present 
invention, when the differential coefficient of voltage with respect to time is positive, the control 
unit 13 determines that the supply of reaction gas to the fuel cell stack 10 is being obstructed and 
hence lowers the level of load current obtained from the fuel cell stack 10, which leads to less 
10 deterioration of the fuel cell stack 10. 

Moreover, in the fuel cell system according to the first embodiment of the present 
invention, since the voltage rising detector 11 detects the voltage of the fuel cell stack 10 by 
measuring voltages of the fuel cells 1 at or near the ends of the fuel cell stack 10, it is possible to 
minimize deterioration of the fuel cells 1 located at positions most susceptible to deterioration. 

15 

SECOND EMBODIMENT 

Referring next to FIG 5, the operation of a fuel cell system according to a second 
embodiment of the present invention will be described It is noted here that the configuration 
of the fuel cell system according to the second embodiment is the same as that in the first 

20 embodiment, so the description thereof will be omitted. 

In the fuel cell system according to the second embodiment of the present invention, 
the control unit 13 controls the voltage rising detector 11 to detect a voltage value of the fuel cell 
stack 10 at time Tl whan a predetermined time period has elapsed from time TO of starting the 
reactant gas supply, as shown in FIG 5, and thai decides a subsequent operation mode 

25 depending on whether the detected voltage value exceeds a threshold value VI. More 
specifically, when the voltage value detected after the elapse of the predetermined time period 
exceeds the threshold value VI (area B2 shown in FIG 5), the control unit 13 determines that 
the reaction gas is being supplied properly to the fuel electrode 3a and oxidant electrode 3b, and 
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controls the fuel cell stack 1 0 so as to derive therefrom a normal level of load current On the 
other hand, when the voltage value detected after the elapse of the predetermined time period 
does not exceed the threshold value VI (area A2 shown in FIG 5), the control unit 13 
determines that the supply of reactant gas is being obstructed, and hence controls the fuel cell 
5 stack 1 0 so as to limit the level of load current to be derived therefrom. 

As is clear from the above description, in the fuel cell system according to the second 
embodiment of the present invention, the control unit 13 detects the voltage value of the fuel cell 
stack 10 after the predetermined time period has elapsed since starting the supply of reactant gas, 
and determines the state of the fuel cell stack 10 depending on whether the detected voltage 

10 value exceeds the predetermined threshold value. Having this configuration allows for 
accurate detennination of the state of the fuel cell stack 10 because the voltage of the fuel cell 
stack 10 typically goes up once and then down when being appropriately supplied with the 
reactant gas. In addition, the control unit 13 decides a subsequent operation mode of the fuel 
cell stack 10 based on the determined state, which makes it possible to minimize deterioration of 

15 the fuel cell stack 10 resulting from continuous power generation in an unsuitable condition. 

Furthermore, in the fuel cell system according to the second embodiment of the 
present invention, when the voltage value detected after the elapse of the predetermined time 
period from starting the supply of reactant gas does not exceed the threshold value, the control 
unit 13 determines that the supply of reactant gas to the fuel cell stack 10 is being obstructed and 

20 hence lowers the load current to be obtained from the fuel cell stack 10, thereby resulting in 
reduced deterioration of the fuel cell stack 10. 

THIRD EMBODIMENT 

Referring next to FIG 6, the configuration and operation of a fuel cell system 
25 according to a third embodiment of the present invention will be described below. 

As shown in FIG 6, the fuel cell system according to the third embodiment of the 
present invention has the configuration of the fuel cell system according to the aforementioned 
first or second embodiment of the present invention, and additionally comprises a heating unit 
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14, such as an electric heater or combustion equipment using an inflammable gas, for heating up 
the fuel cell stack 10. The heating unit 14 serves as stack heating means according to the 
present invention. 

In the thus configured fuel cell system, when the control unit 13 determines that the 
5 fuel cell stack 10 is in a state adequate for normal power generation, the control unit 13 does not 
activate the heating unit 14 or reduces the power consumed in the heating unit 14 by lowering a 
heating value of the heating unit 14, so that the efficiency of the entire fuel cell system is 
enhanced. 

When the control unit 13 determines that the fiiel cell stack 10 is in a state inadequate 

10 for normal power generation, the control unit 13 activates the heating unit 14 or increases the 
heating value of the heating unit 14 so that the temperature of the fuel cell stack 10 rapidly rises, 
in order to prevent the deterioration of the fuel cell stack 10. 

As is clear from the above, the fuel cell system according to the third embodiment of 
the present invention comprises the heating unit 14 for raising the temperature of the fuel cell 

15 stack 10, wherein the control unit 13 controls the heating value of the heating unit 14 in 
accordance with the internal state of the fuel cell stack 10. This makes it possible to minimize 
deterioration of the fuel cell stack 10 due to continuous power generation in an unsuitable state. 

In addition, in the fuel cell system according to the third embodiment of the present 
invention, when it is determined that the fuel cell stack 10 is in the state inadequate for normal 

20 power generation because the differential coefficient of voltage with respect to time is positive 
or because the voltage detected after the elapse of the predetermined time period from starting 
the supply of reactant gas does not exceed the threshold value, the control unit 13 serves to 
rapidly raise the temperature of the fuel cell stack 10 by the use of the heating unit 14 or by 
increasing the heating value thereof, which thereby leads to minimized deterioration of the fuel 

25 cell stack 10. 

FOURTH EMBODIMENT 

Referring next to FIG 7, a description will be given of the configuration and operation 
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of a fuel cell system according to a fourth embodiment of the present invention. 

As shown in FIG 7, the fuel cell system according to the fourth embodiment of the 
present invention has the configuration of the fuel cell system in the aforementioned first or 
second embodiment, and additionally comprises a reactant gas flow rate controller 15 for 
5 controlling a flow rate of reactant gas supplied to the fuel cell stack 10. Note here that the 
reactant gas controlled by the reactant gas flow rate controller 15 may be either a fuel gas or an 
oxidant gas, or the both thereof. 

In the thus configured fuel cell system, when the control unit 13 determines that the 
fuel cell stack 10 is in the state adequate for normal power generation, the control unit 13 
10 controls the reactant gas flow rate controller 15 thereby to supply the fuel cell stack 10 with the 
reactant gas at a flow rate consistent with a normal starting process. 

When the control unit 13 determines that the fuel cell stack 10 is in the state 
inadequate for normal power generation, the control unit 13 controls the reactant gas flow rate 
controller 15 thereby to supply the fuel cell stack 10 with the reactant gas at a flow rate higher 
1 5 than that in the normal starting process. 

As is clear from the above, the fuel cell system according to the fourth embodiment of 
the present invention comprises the reactant gas flow rate controller 15 for controlling the flow 
rate of the reactant gas supplied to the fuel cell stack 10, wherein the control unit 13 controls the 
reactant gas flow rate supplied to the fuel cell stack 10 in accordance with the state of the fuel 
20 cell stack 10, thus making it possible to minimize deterioration of the fuel cell stack 10 that is 
caused by generating power continuously in an unsuitable state. 

Moreover, in the fuel cell system according to the fourth embodiment of the present 
invention, when it is determined that the fuel cell stack 10 is in the state inadequate for normal 
power generation because the differential coefficient of voltage with respect to time is positive 
25 or because the voltage detected after the elapse of the predetermined time period from starting 
the supply of reactant gas does not exceed the threshold value, the control unit 13 serves to 
supply the fuel cell stack 10 with the reactant gas at a flow rate higher than that in the normal 
starting process. This results in a substantial reduction in deterioration of the fuel cell stack 10. 
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FIFTH EMBODIMENT 

Referring now to FIG 8, the configuration and operation of a fuel cell system 
according to a fifth embodiment of the present invention will be described below. 
5 As shown in FIG 8, the fuel cell system according to the fifth embodiment of the 

present invention has the configuration of die fuel cell system in the aforementioned first or 
second embodiment, and additionally comprises an LLC (LongLife Coolant) circulatory system 
16 for controlling the temperature of the fuel cell stack 10 by circulating an LLC as a heating 
medium through the fuel cell stack 10, and an LLC heating unit 17, such as an electric heater, 
10 for healing the LLC. The LLC heating unit 17 serves as medium heating means according to 
the present invention. 

In thus configured fiiel cell system, when the control unit 13 determines that the fuel 
cell stack 10 is in the state inadequate for normal power generation, the control unit 13 controls 
the LLC circulatory system 16 to increase the LLC flow rate so that the temperature of the fuel 

15 cell stack 10 is immediately raised. In this embodiment, while the flow rate of LLC as a 
heating medium is increased to heat the fuel cell stack 10, it is possible to use the LLC as a 
cooling medium by decreasing the flow rate of LLC. In this case, the start-up of the fuel cell 
stack 10 can be achieved in smooth operation conditions. 

As is clear from the above description, the fuel cell system according to the fifth 

20 embodiment of the present invention comprises the LLC circulatory system 16 for circulating a 
heating medium through the fuel cell stack 10, wherein the control unit 13 controls a flow rate 
of the heating medium in accordance with the state of the fuel cell stack 10, thereby making it 
possible to minimize deterioration of the fuel cell stack 10 caused by generating power 
continuously in an unsuitable state. 

25 In addition, in the fuel cell system according to the fifth embodiment of the present 

invention, when it is determined that the fuel cell stack 10 is in the state inadequate for normal 
power generation because die differential coefficient of voltage with respect to time is positive 
or because the voltage detected after the elapse of the predetermined time period from starting 
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the supply of reactant gas does not exceed the threshold value, the control unit 13 serves to 
circulate the LLC at a flow rate higher than that in the normal starting process through the fuel 
cell stack 10, which leads to less deterioration of the fuel cell stack 10. 

5 SIXTH EMBODIMENT 

Referring next to FIG 9, a description will be given of the operation of a fuel cell 
system according to a sixth embodiment of the present invention. The configuration of the 
fuel cell system in the sixth embodiment is the same as that in the fifth embodiment, so the 
description thereof will be omitted. 

10 In the fuel cell system in the sixth embodiment of the present invention, when the 

control unit 13 determines that the fuel cell stack 10 is in the state inadequate for normal power 
generation, the control unit 13 controls the LLC heating unit 17 to heat the LLC so that the 
temperature of the fuel cell stack 10 rises quickly. 

As is clear from the above, the fuel cell system in the sixth embodiment of the present 

15 invention comprises the LLC heating unit 17 for increasing the temperature of a heating 
medium that circulates through the fuel cell stack 10, wherein the control unit 13 controls the 
temperature of the heating medium circulating through the fuel cell stack 10 in accordance with 
the state thereof, which makes it possible to minimize deterioration of the fuel cell stack 10 
caused by generating power continuously in an unsuitable state. 

20 Furthermore, in the fuel cell system according to the sixth embodiment of the present 

invention, when it is determined that the fuel cell stack 10 is in the state inadequate for normal 
power generation because the differential coefficient of voltage with respect to time is positive 
or because the voltage detected after the predetermined time period has elapsed since starting 
the supply of reactant gas does not exceed the threshold value, the control unit 13 serves to 

25 circulate the LLC at a temperature higher than that in the normal starting process, thereby 
leading to less deterioration of the fuel cell stack 10. 
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Referring next to FIG 10, the configuration and operation of a fuel cell system 
according to a seventh embodiment of the present invention will be described below. 

As shown in FIG 10, the fuel cell system according to the seventh embodiment of the 
present invention has the configuration of the fuel cell system according to the first or second 
5 embodiment, and additionally comprises a reactant gas pressure controller 18 for controlling the 
pressure of reactant gas supplied to the fuel cell stack 10. 

In the thus configured fuel cell system, when the control unit 13 determines that the 
fuel cell stack 10 is in the state inadequate for normal power generation, the control unit 13 
controls the reactant gas pressure controller 18 to supply the fuel cell stack 10 with the reactant 
10 gas at a pressure higher than that in normal starting process. 

As is clear from the above, the fuel cell system according to the seventh embodiment 
comprises the reactant gas pressure controller 18 for controlling the pressure of reactant gas 
supplied to the fuel cell stack 10, wherein the control unit 13 controls the pressure of the reactant 
gas supplied to the fuel cell stack 10 in accordance with the state thereof, which makes it 
15 possible to minimize deterioration of the fuel cell stack 10 caused by generating power 
continuously in an unsuitable state. 

Furthermore, in the fuel cell system according to the seventh embodiment of the 
present invention, when it is determined that the fuel cell stack 10 is in the state inadequate for 
normal power generation because the differential coefficient of voltage with respect to time is 
20 positive or because the voltage detected after the elapse of the predetermined time period since 
starting the supply of reactant gas does not exceed the threshold value, the control unit 13 serves 
to supply the fuel cell stack 10 with the reactant gas at a pressure higher than that in normal 
starting process, thereby leading to less deterioration of the fuel cell stack 10. 

Although the invention has been described above by reference to certain embodiments 
25 of the invention, the invention is not limited to the embodiments described above. Modifications 
and variations of the embodiments described above will occur to those skilled in the art, in light 
of the teachings. The scope of the invention is defined with reference to the following claims. 

The entire content of a Patent Application No. TOKUGAN 2003-389286 with a filing 
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date of November 19, 2003, is hereby incorporated by reference. 

INDUSTRIAL APPLICABILITY 

The present invention is applicable to a process of generating power by supplying 
fuel gas and an oxidant gas to a fuel cell stack thereby to drive a vehicle driving motor. 



